Polarized infrared reflected spectra of NdGaO3 crystal are measured at room temperature. The infrared-active phonon frequencies, linewidths and the dielectric constants are obtained by oscillator fitting procedure of the reflective data measured at room temperature. The phonon dispersion curves of NdGaO3 are calculated using a shell model. The B2u mode at 174 cm-1 involves mixedvibrations of the Nd atoms and the GaO6 octahedra, and the higher frequency mode do not involve motion of Nd atoms above 300 cm-1. The linewidth of B2u mode has been analyzed at 174 cm-1, 356 cm-1 and 595 cm-1 using the lattice dynamical perturbative treatment within the cubic anharmonic term in the expansion series ofthe crystal potential energy, and the calculated results reproduces the observedones at room temperature. We found that the linewidth of the B2u mode (174cm-1) varied with increasing temperature by comparison with other phonon peaks (356 cm-1 and 595 cm-1) .
Introduction
Recently, we have studied the temperature dependence of Raman-active phonon spectra in a NdGaO31) and a YALO32) crystal and found that thetemperature dependence of linewidth of A1g modes in these Raman spectra was well described by the cubic anharmonic term in the expansion series of the crystal potential energy. The linewidth for A1g mode (339 cm-1 in a NdGaO3) is broadened with increasing temperature by comparison with that of A1g mode (470 cm-1 in a NdGaO3) . Since the peak of A1g mode (339 cm-1) is attributed to an out-of-phase x rotation of the oxygen as a librational mode, this temperature dependence indicates the importance of anharmonic interaction between rotational modes and others. The quantitative calculation of the anharmonic scattering between phonons has been carried out by using the lattice-dynamical perturbative treatment in oxicle crystals,3) which demonstrate efficient results of both anharmonic line shift and linewidth of the Raman modes. Very Recently, measurements of lattice parameters and crystal structures were made for a NdGaO3 and other RE gallates samples by means of powder diffraction method using synchrotron radiation by Savytskii et al. 4 ) They found that some anomalies in the thermal behavior of lattice parameters, i.e., change of the slope of the b parameter occur at temperature near 50 K and 200 K in NdGaO3, and further discussed that these observed anomalies are related to the rotational phonon mode which has a negative contribution to thermal expansion.4) Also, we demonstrated that the true anharmonic effect plays an important role on the temperature dependence of the line shift of rotational mode (339 cm-1) related to the effect of the thermal expansion anomalities.5) We found that d (02(44a) (correspond to the quartic diagram) , as well as d co43) (the cubic diagram) , and d wc, (the thermal expansion) contribute to the temperature dependence of the frequency shift of the A1g mode in the NdGaO3 crystal. In the case of curyvapor lamp and Myler film with 4 ,um thickness. Spectra were collected with 2 cm-1 resolution, with 1000 interferometer scans added for each spectrum. The reflectance was obtained by measuring the light reflected from the surface when a 10° angle of incident beam of 3 mm in diameter with polaiized directions of (001), (010) and (100) was led to the surface.
Dielectric constants e (0) are measured with an LCR meter (HP-4284) at 100 kHz from 20 K to about 290 K.
Results and discussion
NdGaO3 has an orthorhombic unit cell with the parameters a=0.5426nm, b=0.5496 nm, c=0.7707 nm, Z=4 and space group DN (Pbnm) .1,4,5) The fractional coordinates for each atom are given in Table I modes displayed in Fig. 7 . In Fig. 7 , we show some selected TO phonon modes. As shown in the Figure the B2u mode at 174cm-1 (174.4) involves mixed vibrations of the Nd atoms and the GaO6 octahedra. This mode can be understood as the result of splitting of the lowest-frequency mode (B2u, (174 .4cm-1) or B3u (179.9cm-1), substitution of the Nd atoms with La ones affects the mode which appear in the LaGaO3 spectrum as broad and weak. 19) The higher frequency mode do not involve motion of Nd atoms above 300cm-1. This fact explains the mentioned similarity of between the infrared spectra of NdGaO3 and LaGaO319) above 300cm-1. The mode at 290 cm-1 corresponds to complex motions, where the amplitudes of displacements of the Ga atoms are comparable with those of the O atoms. On the other hand, in the mode at 321cm-1 and in the those higher frequencies the oxygen motions dominate , so that for these modes the Nd and Ga atoms should be assumed to be rest. Therefore, in our calculation , as shown in Fig. 6 the linewidth the B2 mode (174 cm-1) varied with increasing temperature by comparison with those lying above -300cm-1.
For the modes at 343, 356, 434, 545 and 595cm-1 the inplane oxygen vibrations dominate.
Conclusion
We have reported the infrared optical reflected spectra of NdGaO3 at room temperature. Using calculations of the lattice dynamics and comparative analysis of the measured spectra, we were able to propose a reasonable assignment for the phonon mode observed in NdGaO3. The phonon dispersion curves of NdGaO3 are calculated on the basis of a shell model using the measured frequency values by infrared and Raman spectroscopy at room temperature. The observed phonon modes are assingned to definite modes of Blu, B2u and B3u symmetry based on their polarized properties and comparison with the results of the shell model lattice dynamical calculations. The B2u mode at 174 cm-1 mixed vibrations and the Nd atoms and the GaO6 octahedra. While the higher frequency mode do not involve motion of Nd atoms above 300cm-1. Therefore, the linewidth the B2u mode (174cm-1) varied with increasing temperature by comparison with other phonon peaks (356 cm-1 and 595cm-1). The linewidth of B2u mode has been analyzed at 174, 356, and 595cm-1 using the lattice dynamical perturbative treatment within the cubic anharmonic term in the expansion series of the crystal potential energy, and the calculated results reproduces the observed one at room temperature. Also, the temperature dependence of linewidth of these phonon peaks has been analyzed using this procedure. We found that the phonon mode with high frequencies beyond 500cm-1 significantly depend on the decay term, while the mode (i. e., B2 mode (174 cm-1)) with low frequencies below 270cm-1 depend on both the decay and the scattering terms.
